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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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1.13. Programmable Counter Array

The Programmable Counter Array (PCA0) provides enhanced timer functionality while requiring less CPU 
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer 
and six 16-bit capture/compare modules. The counter/timer is driven by a programmable timebase that 
can select between seven sources: system clock, system clock divided by four, system clock divided by 
twelve, the external oscillator clock source divided by 8, real-time clock source divided by 8, Timer 0 over-
flow, or an external clock signal on the External Clock Input (ECI) pin. 

Each capture/compare module may be configured to operate independently in one of six modes: Edge-
Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit PWM. 
Additionally, PCA Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode follow-
ing a system reset. The PCA Capture/Compare Module I/O and the External Clock Input may be routed to 
Port I/O using the digital crossbar.

Figure 1.12. PCA Block Diagram
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5.3.5. Output Conversion Code

The registers ADC0H and ADC0L contain the high and low bytes of the output conversion code. When the 
repeat count is set to 1, conversion codes are represented in 12-bit unsigned integer format and the output 
conversion code is updated after each conversion. Inputs are measured from ‘0’ to VREF x 4095/4096. 
Data can be right-justified or left-justified, depending on the setting of the AD0LJST bit (ADC0CN.2). 
Unused bits in the ADC0H and ADC0L registers are set to ‘0’. Example codes are shown in Table 5.1 for 
both right-justified and left-justified data.

When the ADC0 Repeat Count is greater than 1, the output conversion code represents the accumulated 
result of the conversions performed and is updated after the last conversion in the series is finished. Sets 
of 4, 8, or 16 consecutive samples can be accumulated and represented in unsigned integer format. The 
repeat count can be selected using the AD0RPT bits in the ADC0CF register. The value must be right-
justified (AD0LJST = “0”), and unused bits in the ADC0H and ADC0L registers are set to '0'. The example 
in Table 5.2 shows the right-justified result for various input voltages and repeat counts. Notice that 

accumulating 2n samples is equivalent to left-shifting by n bit positions when all samples returned from the 
ADC have the same value.

Table 5.1. ADC0 Examples of Right- and Left-Justified Samples

Input Voltage Right-Justified ADC0H:ADC0L 
(AD0LJST = 0)

Left-Justified ADC0H:ADC0L 
(AD0LJST = 1)

VREF x 4095/4096 0x0FFF 0xFFF0

VREF x 2048/4096 0x0800 0x8000

VREF x 2047/4096 0x07FF 0x7FF0

0 0x0000 0x0000

Table 5.2. ADC0 Repeat Count Examples at Various Input Voltages

Input Voltage Repeat Count = 4 Repeat Count = 8 Repeat Count = 16
VREF x 4095/4096 0x3FFC 0x7FF8 0xFFF0

VREF x 2048/4096 0x2000 0x4000 0x8000

VREF x 2047/4096 0x1FFC 0x3FF8 0x7FF0

0 0x0000 0x0000 0x0000
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SFR Definition 5.9. ADC0LTH: ADC0 Less-Than Data High Byte

SFR Definition 5.10. ADC0LTL: ADC0 Less-Than Data Low Byte

Bits7–0: High byte of ADC0 Less-Than Data Word.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xC6

Bits7–0: Low byte of ADC0 Less-Than Data Word.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xC5
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Figure 9.3. Comparator Hysteresis Plot

The Comparator hysteresis is software-programmable via its Comparator Control register CPTnCN (for 
n = 0 or 1). The user can program both the amount of hysteresis voltage (referred to the input voltage) and 
the positive and negative-going symmetry of this hysteresis around the threshold voltage.

The Comparator hysteresis is programmed using Bits3-0 in the Comparator Control Register CPTnCN 
(shown in SFR Definition 9.1 and SFR Definition 9.6). The amount of negative hysteresis voltage is 
determined by the settings of the CPnHYN bits. As shown in Table 9.1, settings of 20, 10 or 5 mV of 
negative hysteresis can be programmed, or negative hysteresis can be disabled. In a similar way, the 
amount of positive hysteresis is determined by setting the CPnHYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. (For Inter-
rupt enable and priority control, see Section “12. Interrupt Handler” on page 110). The CPnFIF flag is 
set to logic 1 upon a Comparator falling-edge detect, and the CPnRIF flag is set to logic 1 upon the Com-
parator rising-edge detect. Once set, these bits remain set until cleared by software. The output state of 
the Comparator can be obtained at any time by reading the CPnOUT bit. The Comparator is enabled by 
setting the CPnEN bit to logic 1, and is disabled by clearing this bit to logic 0.

The output state of the Comparator can be obtained at any time by reading the CPnOUT bit. The Compar-
ator is enabled by setting the CPnEN bit to logic 1, and is disabled by clearing this bit to logic 0. When the 
Comparator is enabled, the internal oscillator is awakened from SUSPEND mode if the Comparator output 
is logic 0.

Note that false rising edges and falling edges can be detected when the comparator is first powered-on or 
if changes are made to the hysteresis or response time control bits. Therefore, it is recommended that the 
rising-edge and falling-edge flags be explicitly cleared to logic 0 a short time after the comparator is 
enabled or its mode bits have been changed. This Power Up Time is specified in Table 9.1 on page 92.
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SFR Definition 9.1. CPT0CN: Comparator0 Control

Bit7: CP0EN: Comparator0 Enable Bit.
0: Comparator0 Disabled.
1: Comparator0 Enabled.

Bit6: CP0OUT: Comparator0 Output State Flag.
0: Voltage on CP0+ < CP0–.
1: Voltage on CP0+ > CP0–.

Bit5: CP0RIF: Comparator0 Rising-Edge Flag.
0: No Comparator0 Rising Edge has occurred since this flag was last cleared.
1: Comparator0 Rising Edge has occurred.

Bit4: CP0FIF: Comparator0 Falling-Edge Flag.
0: No Comparator0 Falling-Edge has occurred since this flag was last cleared.
1: Comparator0 Falling-Edge has occurred.

Bits3–2: CP0HYP1–0: Comparator0 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

Bits1–0: CP0HYN1–0: Comparator0 Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

R/W R R/W R/W R/W R/W R/W R/W Reset Value

CP0EN CP0OUT CP0RIF CP0FIF CP0HYP1 CP0HYP0 CP0HYN1 CP0HYN0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9B
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SFR Definition 9.4. CPT1MX: Comparator1 MUX Selection

Bits7–4: CMX1N3–CMX1N0: Comparator1 Negative Input MUX Select.
These bits select which Port pin is used as the Comparator1 negative input.

Bits3–0: CMX1P3–CMX1P0: Comparator1 Positive Input MUX Select.
These bits select which Port pin is used as the Comparator1 positive input.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

CMX1N3 CMX1N2 CMX1N1 CMX1N0 CMX1P3 CMX1P2 CMX1P1 CMX1P0 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9E

CMX1N3 CMX1N2 CMX1N1 CMX1N0 Negative Input
0 0 0 0 P0.1
0 0 0 1 P0.3
0 0 1 0 P0.5
0 0 1 1 P0.7
0 1 0 0 P1.1
0 1 0 1 P1.3
0 1 1 0 P1.5
0 1 1 1 P1.7
1 0 0 0 P2.1
1 0 0 1 P2.3*
1 0 1 0 P2.5*
1 0 1 1 P2.7
1 1 x x Reserved

*Note:  Available only on the C8051F410/2.

CMX1P3 CMX1P2 CMX1P1 CMX1P0 Positive Input
0 0 0 0 P0.0
0 0 0 1 P0.2
0 0 1 0 P0.4
0 0 1 1 P0.6
0 1 0 0 P1.0
0 1 0 1 P1.2
0 1 1 0 P1.4
0 1 1 1 P1.6
1 0 0 0 P2.0
1 0 0 1 P2.2
1 0 1 0 P2.4*
1 0 1 1 P2.6*
1 1 x x Reserved

*Note:  Available only on the C8051F410/2.
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Table 9.1. Comparator Electrical Characteristics
VDD = 2.0 V, –40 to +85 °C unless otherwise noted. All specifications apply to both Comparator0 and Comparator1 

unless otherwise noted. Typical values are given at 25 ºC.

Parameter Conditions Min Typ Max Units

Response Time:

Mode 0, Vcm1 = 1.5 V

CP0+ – CP0– = 100 mV — 120 — ns

CP0+ – CP0– = –100 mV — 160 — ns

Response Time:

Mode 1, Vcm1 = 1.5 V

CP0+ – CP0– = 100 mV — 200 — ns

CP0+ – CP0– = –100 mV — 340 — ns

Response Time:

Mode 2, Vcm1 = 1.5 V

CP0+ – CP0– = 100 mV — 360 — ns

CP0+ – CP0– = –100 mV — 720 — ns

Response Time:

Mode 3, Vcm1 = 1.5 V

CP0+ – CP0– = 100 mV — 2.2 — µs

CP0+ – CP0– = –100 mV — 7.2 — µs

Common-Mode Rejection Ratio2 — 1.5 14 mV/V

Positive Hysteresis 1 CP0HYP1-0 = 00 — 0.5 2.0 mV

Positive Hysteresis 2 CP0HYP1-0 = 01 2 4.5 10 mV

Positive Hysteresis 3 CP0HYP1-0 = 10 5 9.0 20 mV

Positive Hysteresis 4 CP0HYP1-0 = 11 13 18.0 40 mV

Negative Hysteresis 1 CP0HYN1-0 = 00 — –0.5 –2.0 mV

Negative Hysteresis 2 CP0HYN1-0 = 01 –2 –4.5 –10 mV

Negative Hysteresis 3 CP0HYN1-0 = 10 –5 –9.0 –20 mV

Negative Hysteresis 4 CP0HYN1-0 = 11 –13 –18.0 –40 mV

Inverting or Non-Inverting Input 
Voltage Range

–0.25 — VDD + 0.25 V

Input Capacitance — 4 — pF

Input Bias Current — 0.5 — nA

Input Offset Voltage –10 — 10 mV

Power Supply

Power Supply Rejection2 — 0.2 4 mV/V

Power-up Time — 2.3 — µs

Supply Current at DC

Mode 0 — 13 30 µA

Mode 1 — 6.0 20 µA

Mode 2 — 3.0 10 µA

Mode 3 — 1.0 5 µA

Notes:
1. Vcm is the common-mode voltage on CP0+ and CP0–.
2. Guaranteed by design and/or characterization.
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SFR Definition 10.2. DPL: Data Pointer Low Byte

SFR Definition 10.3. DPH: Data Pointer High Byte

Bits7–0: DPL: Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly 
addressed XRAM and Flash memory.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x82

Bits7–0: DPH: Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly 
addressed XRAM and Flash memory.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x83
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SFR Definition 14.3. CRC0DAT: CRC0 Data Output

SFR Definition 14.4. CRC0FLIP: CRC0 Bit Flip 

Bits 7–0: CRC0DAT: Indirect CRC Result Data Bits.
Each operation performed on CRC0DAT targets the CRC result bits pointed to by 
CRC0PNT. 

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x86

Bits 7–0: CRC0FLIP: CRC Bit Flip.
Any byte written to CRC0FLIP is read back in a bit-reversed order, i.e. the written LSB 
becomes the MSB. For example:

If 0xC0 is written to CRC0FLIP, the data read back will be 0x03.
If 0x05 is written to CRC0FLIP, the data read back will be 0xA0.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xDF
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15. Reset Sources
Reset circuitry allows the controller to be easily placed in a predefined default condition. On entry to this 
reset state, the following occur:

• CIP-51 halts program execution
• Special Function Registers (SFRs) are initialized to their defined reset values
• External Port pins are forced to a known state
• Interrupts and timers are disabled.

All SFRs are reset to the predefined values noted in the SFR detailed descriptions. The contents of internal 
data memory are unaffected during a reset; any previously stored data is preserved. However, since the 
stack pointer SFR is reset, the stack is effectively lost, even though the data on the stack is not altered. 

The Port I/O latches are reset to 0xFF (all logic ones) in open-drain mode. Weak pullups are enabled 
during and after the reset. For VDD Monitor and power-on resets, the RST pin is driven low until the device 
exits the reset state.

On exit from the reset state, the program counter (PC) is reset, and the system clock defaults to the inter-
nal oscillator. Refer to Section “19. Oscillators” on page 165 for information on selecting and configuring 
the system clock source. The Watchdog Timer is enabled with the system clock divided by 12 as its clock 
source (Section “25.3. Watchdog Timer Mode” on page 257 details the use of the Watchdog Timer). 
Program execution begins at location 0x0000.

Figure 15.1. Reset Sources
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SFR Definition 18.1. XBR0: Port I/O Crossbar Register 0

Bit7: CP1AE: Comparator1 Asynchronous Output Enable
0: Asynchronous CP1 unavailable at Port pin.
1: Asynchronous CP1 routed to Port pin.

Bit6: CP1E: Comparator1 Output Enable
0: CP1 unavailable at Port pin.
1: CP1 routed to Port pin.

Bit5: CP0AE: Comparator0 Asynchronous Output Enable
0: Asynchronous CP0 unavailable at Port pin.
1: Asynchronous CP0 routed to Port pin.

Bit4: CP0E: Comparator0 Output Enable
0: CP0 unavailable at Port pin.
1: CP0 routed to Port pin.

Bit3: SYSCKE: /SYSCLK Output Enable
0: /SYSCLK unavailable at Port pin.
1: /SYSCLK output routed to Port pin.

Bit2: SMB0E: SMBus I/O Enable
0: SMBus I/O unavailable at Port pins.
1: SMBus I/O routed to Port pins.

Bit1: SPI0E: SPI I/O Enable
0: SPI I/O unavailable at Port pins.
1: SPI I/O routed to Port pins. Note that the SPI can be assigned either 3 or 4 GPIO pins.

Bit0: URT0E: UART I/O Output Enable
0: UART I/O unavailable at Port pin.
1: UART TX0, RX0 routed to Port pins P0.4 and P0.5.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

CP1AE CP1E CP0AE CP0E SYSCKE SMB0E SPI0E URT0E 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xE1
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22. UART0
UART0 is an asynchronous, full duplex serial port offering modes 1 and 3 of the standard 8051 UART. 
Enhanced baud rate support allows a wide range of clock sources to generate standard baud rates (details 
in Section “22.1. Enhanced Baud Rate Generation” on page 208). Received data buffering allows 
UART0 to start reception of a second incoming data byte before software has finished reading the previous 
data byte. 

UART0 has two associated SFRs: Serial Control Register 0 (SCON0) and Serial Data Buffer 0 (SBUF0). 
The single SBUF0 location provides access to both transmit and receive registers. Writes to SBUF0
always access the Transmit register. Reads of SBUF0 always access the buffered Receive register; 
it is not possible to read data from the Transmit register.

With UART0 interrupts enabled, an interrupt is generated each time a transmit is completed (TI0 is set in 
SCON0), or a data byte has been received (RI0 is set in SCON0). The UART0 interrupt flags are not 
cleared by hardware when the CPU vectors to the interrupt service routine. They must be cleared manually 
by software, allowing software to determine the cause of the UART0 interrupt (transmit complete or receive 
complete).

Figure 22.1. UART0 Block Diagram

UART Baud
Rate Generator

RI

    SCON

R
I

T
I

R
B

8
T

B
8

R
E

N
M

C
E

S
M

O
D

E

Tx Control
Tx Clock

Send

SBUF
(TX Shift)

Start

Data

Write to
SBUF

Crossbar
TX

Shift

Zero Detector

Tx IRQ

SET

QD

CLR

Stop Bit

TB8

SFR Bus

Serial
Port

Interrupt

TI

Port I/O

Rx Control

Start

Rx Clock

Load
SBUFShift 0x1FF RB8

Rx IRQ

Input Shift Register
(9 bits)

Load SBUF

Read
SBUF

SFR Bus
Crossbar

RX

SBUF
(RX Latch)



C8051F410/1/2/3

Rev. 1.1 213

SFR Definition 22.2. SBUF0: Serial (UART0) Port Data Buffer

Bits7–0: SBUF0[7:0]: Serial Data Buffer Bits 7-0 (MSB-LSB)
This SFR accesses two registers; a transmit shift register and a receive latch register. When 
data is written to SBUF0, it goes to the transmit shift register and is held for serial transmis-
sion. Writing a byte to SBUF0 initiates the transmission. A read of SBUF0 returns the con-
tents of the receive latch.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x99
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Figure 23.6. SPI Master Timing (CKPHA = 0)

 

Figure 23.7. SPI Master Timing (CKPHA = 1)
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24.3.3. External/smaRTClock Capture Mode

Capture Mode allows either the external oscillator or the smaRTClock clock to be measured against the 
system clock. The external oscillator and smaRTClock clock can also be compared against each other. 
Timer 3 can be clocked from the system clock, the system clock divided by 12, the external oscillator 
divided by 8, or the smaRTClock clock divided by 8, depending on the T3ML (CKCON.6), T3XCLK, and 
T3RCLK settings. The timer will capture either every 8 external clock cycles or every 8 smaRTClock clock 
cycles, depending on the T3RCLK setting. When a capture event is generated, the contents of Timer 3 
(TMR3H:TMR3L) are loaded into the Timer 3 reload registers (TMR3RLH:TMR3RLL) and the TF3H flag is 
set. By recording the difference between two successive timer capture values, the external oscillator or 
smaRTClock clock can be determined with respect to the Timer 3 clock. The Timer 3 clock should be much 
faster than the capture clock to achieve an accurate reading. Timer 3 should be in 16-bit auto-reload mode 
when using Capture Mode.

For example, if T3ML = 1b, T3RCLK = 0b, and TF3CEN = 1b, Timer 3 will clock every SYSCLK and cap-
ture every smaRTClock clock divided by 8. If the SYSCLK is 24.5 MHz and the difference between two 
successive captures is 5984, then the smaRTClock clock is:

24.5 MHz / (5984 / 8) = 0.032754 MHz or 32.754 kHz.

This mode allows software to determine the exact smaRTClock frequency in self-oscillate mode and the 
external oscillator frequency when an RC network or capacitor is used to generate the signal.

Figure 24.9. Timer 3 Capture Mode Block Diagram
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25.2.5. 8-Bit Pulse Width Modulator Mode

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer. The 
duty cycle of the PWM output signal is varied using the module's PCA0CPHn capture/compare register. 
When the value in the low byte of the PCA counter/timer (PCA0L) is equal to the value in PCA0CPLn, the 
output on the CEXn pin will be set. When the count value in PCA0L overflows, the CEXn output will be 
reset (see Figure 25.8). Also, when the counter/timer low byte (PCA0L) overflows from 0xFF to 0x00, 
PCA0CPLn is reloaded automatically with the value stored in the module’s capture/compare high byte 
(PCA0CPHn) without software intervention. Setting the ECOMn and PWMn bits in the PCA0CPMn register 
enables 8-Bit Pulse Width Modulator mode. The duty cycle for 8-Bit PWM Mode is given by Equation 25.2. 

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the 
ECOMn bit to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Equation 25.2. 8-Bit PWM Duty Cycle
Using Equation 25.2, the largest duty cycle is 100% (PCA0CPHn = 0), and the smallest duty cycle is 
0.39% (PCA0CPHn = 0xFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0’.

Figure 25.8. PCA 8-Bit PWM Mode Diagram
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25.2.6. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. In this mode, the 16-bit capture/compare mod-
ule defines the number of PCA clocks for the low time of the PWM signal. When the PCA counter matches 
the module contents, the output on CEXn is asserted high; when the counter overflows, CEXn is asserted 
low. To output a varying duty cycle, new value writes should be synchronized with PCA CCFn match inter-
rupts. 16-Bit PWM Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCA0CPMn 
register. For a varying duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help 
synchronize the capture/compare register writes. The duty cycle for 16-Bit PWM Mode is given by 
Equation 25.3. 

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the 
ECOMn bit to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Equation 25.3. 16-Bit PWM Duty Cycle
Using Equation 25.3, the largest duty cycle is 100% (PCA0CPn = 0), and the smallest duty cycle is 
0.0015% (PCA0CPn = 0xFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0’.

Figure 25.9. PCA 16-Bit PWM Mode
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SFR Definition 25.3. PCA0CPMn: PCA Capture/Compare Mode

Bit7: PWM16n: 16-bit Pulse Width Modulation Enable.
This bit selects 16-bit mode when Pulse Width Modulation mode is enabled (PWMn = 1).
0: 8-bit PWM selected.
1: 16-bit PWM selected. 

Bit6: ECOMn: Comparator Function Enable. 
This bit enables/disables the comparator function for PCA module n. 
0: Disabled.
1: Enabled.

Bit5: CAPPn: Capture Positive Function Enable. 
This bit enables/disables the positive edge capture for PCA module n. 
0: Disabled.
1: Enabled.

Bit4: CAPNn: Capture Negative Function Enable. 
This bit enables/disables the negative edge capture for PCA module n. 
0: Disabled.
1: Enabled.

Bit3: MATn: Match Function Enable. 
This bit enables/disables the match function for PCA module n. When enabled, matches of 
the PCA counter with a module's capture/compare register cause the CCFn bit in PCA0MD 
register to be set to logic 1. 
0: Disabled.
1: Enabled.

Bit2: TOGn: Toggle Function Enable. 
This bit enables/disables the toggle function for PCA module n. When enabled, matches of 
the PCA counter with a module's capture/compare register cause the logic level on the 
CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module operates in Frequency 
Output Mode.
0: Disabled.
1: Enabled.

Bit1: PWMn: Pulse Width Modulation Mode Enable. 
This bit enables/disables the PWM function for PCA module n. When enabled, a pulse width 
modulated signal is output on the CEXn pin. 8-bit PWM is used if PWM16n is cleared; 16-bit 
mode is used if PWM16n is set to logic 1. If the TOGn bit is also set, the module operates in 
Frequency Output Mode.
0: Disabled.
1: Enabled.

Bit0: ECCFn: Capture/Compare Flag Interrupt Enable. 
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt. 
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

PWM16n ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address:
PCA0CPM0: 0xDA, PCA0CPM1: 0xDB, PCA0CPM2: 0xDC, PCA0CPM3: 0xDD, PCA0CPM4: 0xDE, 
PCA0CPM5: 0xCE


